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ABSTRACT
A simple and reproducible method for investigation of cotinine and nicotine levels in saliva
was developed by utilizing gas chromatography mass spectrometry (GCMS) and simple
extraction techniques. This method allowed for accurate detection of cotinine in saliva
samples collected within a 50-mile radius of Searcy, AR. The observed cotinine levels
proportionately depict nicotine levels, which were then compared with participants’
demographics, displaying trends among different communities. This research hopes to
provide insight into vaping popularity as well as a reproducible method that future research
can utilize.
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1 Introduction
This project aims to compile a simple, reproducible method for extracting cotinine from
human saliva in a cost-effective manner. Today, smoking cigarettes is understood to be
unhealthy and a causation of cancer. The cigarette was invented in the late 19th century,
with taxes on cigarettes officially beginning in 18641. The popularity and use of cigarettes
increased exponentially until 1960, where smoking popularity reached its peak with more
than 40% of the United States population claiming to smoke cigarettes. Smoking as a public
health issue finds its roots nearly a century ago. It was in the 1930s when health care
practitioners began to understand the dangers caused using tobacco fully2. About fifteen
years later, the American Cancer Society began to proactively warn smokers about the
health hazards caused by smoking. This did not really impact the American public until the
late 1960s, where a dramatic reversal of the exponential growth occurred and continues to
decline today1. However, a more recent hot topic has emerged, vaping. The modern ecigarette (vape) was invented in 2003 by Chinese pharmacist Hon Lik3. Vaping is a type
of smoking that does not rely on the tobacco plant as a whole, but rather takes advantage
of the primary addictive substance in tobacco, nicotine. Vaping is more popular among the
younger generations due to the variety of flavors available, less potent smell, and the
discrete ease that vaping allows4. The interest in this study stems from vaping being so
popular among millennials and generation z. College students today are constantly
surrounded by this influence, which largely influenced the formation of this study. This is
a relevant study due to the popularity of smoking among teens and the lack of information
available to these teens. This study will provide an extraction and measurement method
that will be concise and cheap to allow future studies on the levels of nicotine intake.
1.1 Nicotine
Nicotine is classified as an alkaloid found in the nightshade family of plants5. Nicotine is
predominantly found in tobacco plants but can also be found in low quantities in tomato,
potato, eggplant, green pepper, and coca plants. Mature nicotine is accumulated in the
leaves of the tobacco plant, and synthesized in the roots, making up 0.3-5 percent of the
dry weight of the tobacco plant. Nicotine is a neurotoxin found in high concentrations in
many insecticides, but in lower concentrations is used as a stimulant6.
1.2 Metabolism of Nicotine and Determination of Measurement
Cotinine is a metabolite of nicotine, the addictive chemical that is found in a tobacco plant.
Nicotine is metabolized to six primary metabolites in the liver, the most prominent
metabolite being cotinine7. In humans, approximately 70-80% of nicotine is converted to
cotinine by the liver. First, the nicotine-iminium ion is produced by CYP2A6, then the
nicotine-iminium ion is catalyzed by cytoplasmic aldehyde oxidase to produce cotinine.

Nicotine clears the liver at a rate of 1200mL per minute, with total clearance occurring
between 5-8 minutes for a dosage of 2mg (approximately one cigarette)8. This clearance
time makes it extremely difficult to accurately measure nicotine concentration in a human.
If the nicotine concentration was to be measured within one minute of dosage, the data
would show an extremely high concentration of nicotine in saliva. Alternatively, if the
nicotine concentration was to be measured after ten minutes of dosage, the data would
show the nicotine concentration to be almost, if not totally, nonexistent. Research
conducted and led by Neal Benowitz demonstrated that when taken in orally, nicotine
levels plateau at a high concentration and rapidly decline 5-8 minutes after intake9. This
rapid decline of nicotine concentration makes it difficult to measure nicotine concentration
in a manner that yields comprehensible data. Therefore, the metabolites of nicotine were
studied across multiple studies and cotinine was found to be the primary metabolite10.
Cotinine is a more stable chemical that metabolizes much slower than nicotine, at a rate of
only 45 mL per minute. Because of the slow metabolism of cotinine, it can be quantitatively
measured with accuracy and at levels that correlate with nicotine concentration. The
determination of cotinine in biological fluids has been a point of interest in the scientific
community and the basis for a variety of experiments.
1.3 Cotinine Measurement Description and Justification
Cotinine has been a biochemical marker used to estimate active smoking behavior, to
validate abstinence smoking, and to evaluate second-hand exposure11. Therefore, this study
measures cotinine rather than nicotine to gather accurate data and attempt to investigate
nicotine concentration in relation with demographic sectors. Demographic collection
process is shown in Appendix A. Furthermore, this study will describe a reproducible
cotinine extraction procedure with a quick turnaround time for fast and accurate
measurements. The findings will then be used to evaluate the true smoking status and
distribution of metabolites in saliva. The clearance of nicotine and cotinine are contingent
upon a person’s liver blood flow. Due to this, distribution of metabolites in saliva are
contingent on diet, posture, exercise, or alternative drugs in the system12. In this study, the
distribution of cotinine is represented against demographic factors as well as dosage
frequency. While prior literature has demonstrated the clearance times for nicotine and its
metabolites, this study demonstrates observed trends between nicotine concentration and
types of smoking. Studies have been conducted where nicotine concentration of cigarettes
was measured, but this study will investigate and compare nicotine concentrations of
smokers and vapers.
1.4 Prior Analytical Methods
In current research, quantitative nicotine analysis is widely performed through urinary
analysis for cotinine concentration.13 This is due to urine containing a higher concentration
of cotinine than in other matrices, allowing for detection to be more intense14. Many
analytical methods have been utilized for cotinine detection in urinary samples, including
gas chromatography, high-performance liquid chromatography15, immunosorbent assays,
and colorimetry16. Instruments used for analysis vary, and so do preparation techniques.
Commonly used techniques include solid-phase extraction (SPE) and liquid-liquid
extraction (LLE)13. Another common technique for preparation of samples is microextraction by packed sorbent (MEPS) which serves to reduce the amount of sorbent needed

in order to test large samples17.
2 Experimental Methods
This study required sample collection from human subjects. Because of the human nature
of this project, the project was required to receive permission to continue from the
International Review Board (IRB). Participants were asked to complete a short survey that
does not include the identity or personal information of the participant. Samples were
collected at primary care facilities and among students at Harding University in Searcy,
Arkansas. A total of 43 samples were collected, the demographics of which are represented
below.
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Figure 3: Distribution of represented ethnic backgrounds among participants
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Figure 4: Distribution of Education levels among participants. Note: no participants with a bachelor’s degree or higher
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Figure 5: Distribution of annual income among participants. Note: not all participants are represented.

2.1 Extraction Method
Cotinine rapid tests were used to contain each sample as well as give a benchmark indicator
of the levels of cotinine in the saliva of a person8. Participants swabbed the inside of the
mouth with the rapid test for 3 minutes and placed it into the containment vial. Cotinine
was extracted from saliva through a simple and reproducible procedure. Standards of
cotinine (20mg/10mL H2O) and diphenylamine in methanol (50mg/25mL) were used11. A
table of the standards is listed in Appendix B. The calibration curve created is represented
in Appendix C. To each sample, 20 µL of diphenylamine in methanol was added as an
internal standard (IS). Samples and IS were added to 3mL diethyl ether and mechanically
shaken for 10 minutes to separate the aqueous and organic layers. The bottom aqueous
layer was then extracted using a long tip glass pipet, leaving the organic layer behind, along
with the desired cotinine. 20 µL of glacial acetic acid and approximately 0.1g of sodium
sulfate were added to the organic layer, which was then vacuum centrifuged for 45 minutes
with low heat to create stable cotinine salts. 2mL of dichloromethane was added to the
tube, mechanically shaken for 30 seconds, and vacuumed for another 5 minutes. A 5µL
sample was then injected into the GCMS for analysis.
2.2 Gas Chromatography Mass Spectrometry Method
Once the samples proceeded through the extraction method, they were then subject to
analysis on a Schimadzu QP2010S-GCMS instrument. The GCMS contained a 5% methyl
phenyl siloxane column that was 0.25 mm x 60 m x 0.25 µm. The autosampler was set to
a high plunger speed with 3 solvent rinses and injected 5 µL with a split injection mode at
a temperature of 280°C. The over was set to begin at 150°C, rising at a rate of 20°C per
minute to 240°C with a final hold time of 5 minutes. The mass spectrometer was set to start
at 3.50 minutes and end at 9.50 minutes, and quantitative analysis was carried out in
selected ion monitoring (SIM) mode. Major fragment ions of the target drugs are listed

below in table 118-20.
Compound
Cotinine
Diphenylamine (IS)

Molecular Weight
176.22
169.23

m/z (% intensity)
98(100), 176(16)
169(100)

Table 1: Fragment ions targeted in SIM mode

3 Results

Figure 6: Chromatogram of 1000 ppm standard. The observed retention time at 5.412 corresponds to IS and the retention time
observed at 5.915 corresponds to cotinine.

Figure 7: Chromatogram of 750 ppm standard. The observed retention time at 5.412 corresponds to IS and the retention time
observed at 5.915 corresponds to cotinine.

Figure 8: Chromatogram of sample 42. The observed retention time at 5.412 corresponds to IS and the retention time observed at
5.915 corresponds to cotinine.

Figure 9: Spectrum at retention time 5.915, depicting the expected fragments for cotinine at 176 and 98 m/z.
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Figure 10: Depiction of Cotinine Concentration in relation to age of participants.

4 Discussion
This project aimed to compile a simple, reproducible method for extracting cotinine from
human saliva in a cost-effective manner and use this method to depict trends among
demographic sectors of the participants. Currently, there are few instances in literature of
cotinine extraction from saliva, and this study aims to create a method for extraction from
saliva as primary research. In figure 6 & 7, a chromatogram of standards is depicted. The
standards shown are 1000 ppm and 750 ppm. The complete table of standards is depicted
in Appendix B. The chromatograms of the standards show that cotinine was successfully
extracted through the proposed method, and the extraction method produced accurate
concentrations of cotinine that agreed with the marked standards. The spectrum displayed
in figure 8 shows that the expected mass fragments were observed at a retention time of
5.915. These standards allowed for a calibration curve to be created from which the
concentration of samples could be determined. Figure 10 displays the calculated cotinine
concentration against the reported ages of participants in research. This graph shows that
the concentration of cotinine was calculated to be consistently between 20 and 25 ppm
regardless of age. This depiction is consistent across all collected demographics. This does
not agree with the proposed hypothesis that the calculated concentrations would display
trends among demographics.

4.1 Justification
Previous literature shows that the expected concentration of cotinine in saliva of heavy
smokers is between 10 and 500 ng/mL16. For reference, 1 ppm = 1000 ng/mL. For this
study, it is reasonable to conclude that the expected concentration of cotinine in smokers
is out of range. Therefore, the GCMS instrument used was not sensitive enough to observe
low concentrations in an accurate manner, causing the calculated concentrations to be
misrepresented. However, it is also reasonable to conclude that the extraction method is
sound. In all samples cotinine was detected, and in the standards cotinine was found at
concentrations that agreed with the intended concentration.
4.2 Future Implications
This project aims to compile a simple, reproducible method for extracting cotinine from
human saliva in a cost-effective manner. This goal was effectively completed, yet further
projects could improve on this research. The overall goal of providing future scientists with
a reference for cotinine extraction from saliva was achieved. Future research could use this
project as a baseline for creating an improved method for detection of cotinine in smokers,
and the idea of a demographic comparison could be implemented into an improved method.
Another direction this research could take is the implementation of a different instrument.
In conclusion, this novel method based on GCMS analysis is useful for future
determination of cotinine levels in a variety of research studies.
4.3 Limitations of this Study
As primary research conducted in rural Arkansas by an undergraduate student, there were
several caveats which concern the validity of the assessment results. One such limitation
was the location. Being in rural Arkansas, the demographics of participants was limited to
primarily white, middle to lower class people. Another limitation was the low number of
samples collected. This was due to the limited specific locations to collect samples and the
limited resources available to an undergraduate student. If this experiment were to be
replicated, it would be interesting to see these limitations nulled to provide for a more
complete demographic sample with a larger number of total samples.

Appendix A: Demographic Survey

Survey Questions
1. Gender:
£Male
£Female
£Other. Please Specify:

£ Once every 4-7 days
£ Once every 1-3 days
£ Once daily
£ More than once daily
5. Do you vape?

£I prefer not to respond
2. Birthdate: (mm/dd/yyyy)

£ I have never vaped.
£ I have not vaped in 6 months.
£ Once every 2-6 months.
£ Once every 1-2 months.

3. What is your racial/ethnic background?
Select all that apply.
£Hispanic or Latino
£American Indian or Alaska Native
£Asian
£Black or African American
£Native Hawaiian or Other Pacific
Islander
£Caucasian or White
£Multiracial
£Other:
£Prefer not to say

£ Once every 2-4 weeks.
£ Once every 1-2 weeks
£ Once every 4-7 days
£ Once every 1-3 days
£ Once daily
£ More than once daily
6. Which of the following have you used in
the past month?
£Nicotine Patch
£Nicotine Gum
£Dip or Chewing Tobacco
£Cigar or Pipe
£Other. Please Specify:

4. If applicable, how often do you
generally smoke cigarettes?
£ I have never smoked cigarettes.
£ I have not smoked a cigarette in 6
months.

7. What is your average annual income?
£Less than 50,000
£50,000 – 100,000
£100,000 – 150,000

£ Once every 2-6 months.

£150,000 or more

£ Once every 1-2 months.

£Prefer not to say

£ Once every 2-4 weeks.
£ Once every 1-2 weeks

Appendix B: Table of Dilution Standards
Concentration (ppm)

Stock Cotinine (µL)

1000

500

Diphenylamine in
Methanol (Internal
standard) (µL)
20

750

375

20

605

500

250

20

730

250

125

20

855

100

50

20

930

50

25

20

955

26

13

20

967

10

5

20

975

6

3

20

977

1

0.5

20

979.5

Deionized H2O (µL)
480

Appendix C: Calibration curve generated with standards

Calibration Curve of Cotinine Standards
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